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(54) Method and device for image density correction for a CCD sonsor 



(57) According to a quadruplex CCD (34) of the 
present invention, an AGC-M0 circuit (130) which is 
connected to an output terminal OS1 operates to make 
an electric current of a predetermined value flow into a 
differential amplifying circuit (131) with use of the differ- 
ential amplifying circuit, a terminal-based detection cir- 
cuit (131), the other differential amplifying circuit (133), 
a comparison circuit (134), a reference control value 
(135), a reference current generating circuit (136), and 
a voltage holding circuit (137). The comparison result 
obtained by the comparison circuit is output to the AGC- 
S1, AGC-S2, and the AGC-S3 circuits (140, 150. 160), 
as a reference value of the AGC circuits. With use of the 
reference control value obtained in this manner, the dif- 
ference in image density of the image obtained by the 
quadruplex CCD (34) is corrected by the AGC-S1 circuit 
(140) connected to an output terminal OS2, the AGC-S2 
circuit (150) connected to an output terminal OS3, and 
the AGC-S3 circuit (160) connected to an output termi- 
nal OS4. 
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Description 

This invention relates to an image density correc- 
tion device for correcting an image density difference in 
an image read from an original document by a CCD (a 
photoelectric converting element), and the method 
thereof, and an image reading device using the CCD, 
and an image forming apparatus such as an electronic 
copying machine which forms an image by using the 
image reading apparatus. 

In the conventional image forming apparatus such 
as an electronic copying machine and a facsimile 
machine, pixel data transfer frequency by the image 
data reading device such as a CCD which reads an 
image from an original document sheet is increased as 
image data reading speed is increased. Accordingly, the 
control of the signals output from the CCD will become 
difficult. In order to ease the signal control, the pixels of 
the conventional CCD have been divided into two 
groups: odd and even pixels. In recent years, a quadru- 
plex CCD in which the number of the pixel groups is 
increased by dividing the odd and even pixel groups 
respectively into first and second half pixel groups, i.e., 
front and rear pixel groups in the main scanning direc- 
tion has been proposed. According to this proposal, the 
pixel data transfer frequency is decreased into a quarter 
of that of the CCD which does not divide pixels, to ease 
the processing of the signal. 

In outputting image signals of the divided four pixel 
groups, however, the outputs of the four pixel groups 
respectively pass through the corresponding buffer 
amplifiers which are independent from each other. If the 
offset voltage of the four buffer amplifiers are different 
from each other, the image density of the read image 
may be affected thereby. For example, in the case 
where an image having a neutral tint (e.g. a gray chart) 
is read to precisely obtain fine difference in gradation, 
the offset voltages of the buffer amplifiers are respec- 
tively added to the voltage level of the original image 
density of the four pixel regions, with a result that the 
read image has four image densities. 

This difference in image density is also caused by 
the CCD dividing the image data into odd and even pixel 
groups, of course. However, the odd and even pixels are 
alternately arranged, and thus the image density differ- 
ence between the odd and even pixels is not clearly 
seen since the pixels are dispersed in a formed image in 
a marbled manner. While, in the image read by the 
above-mentioned quadruplex CCD, each of the odd and 
even pixels are divided into the front and rear pixel 
groups, and thus the formed image seems to be differ- 
ent in the image density in the front and rear portions of 
the image, and thus the image density difference is 
clearly seen. In order to solve this problem, the offset 
voltage correction by a staggered arrangement of a plu- 
rality of CCDs such as in the adhesion type sensor can 
be applied. According to this correction method, how- 
ever, a gradation (gray chart) correction needs to be 



performed in addition to the conventional white air 
black shading corrections, and thus the algorithm of thb 
correction operation becomes so complicated. 

The object of the present invention is to provide a 

5 correction device and a correction method which facili- 
tate the correction of the difference in image density in 
the read image, and an image reading device, and 
image forming apparatus capable of improving the qual- 
ity and the reliability of the read image. 

10 The object of the present invention is attained by an 
image density correction device of the first aspect of the 
present invention, comprising: a photoelectric conver- 
sion element having first and second blocks, for photoe- 
lectrically converting received light; first means for 

is obtaining an absolute value of an amplitude of an output 
signal output from the first block of the photoelectric 
conversion element; second means for comparing the 
absolute value with a predetermined reference value to 
obtain a difference thereof; first correction means for 

20 correcting the output signal on the basis of the differ- 
ence obtained by the second means; and second cor- 
rection means for correcting an output signal output 
from the second block on the basis of the difference 
obtained by the second means. 

25 The object of the present invention is also attained 
by an image density correction method of the second 
aspect of the present invention, by which an output sig- 
nal of a photoelectric conversion element receiving 
reflection light from an irradiated document is corrected, 

30 wherein the output signal of the photoelectric conver- 
sion element is divided into an image signal and a con- 
trol signal, an amplitude voltage of the output signal is 
detected from the obtained control signal, an absolute 
value of an amplitude of the output signal is detected on 

35 the basis of the detected amplitude voltage, the 
obtained absolute value is compared with a predeter- 
mined reference value to obtain an error signal voltage, 
the obtained error signal voltage is held, the held volt- 
age is converted into an electric current, and the image 

40 signal divided from the output signal of the photoelectric 
conversion element is corrected to have a predeter- 
mined voltage with use of the electric current converted 
from the held voltage. 

The object of the present invention is also attained 

45 by an image reading device of the third aspect of the 
present invention, which irradiates a document and 
reads an image of the document with use of a photoe- 
lectric conversion element having first and second 
blocks and photoelectrical^ converting received light 

so reflected from the document by correcting an output sig- 
nal from the photoelectric conversion element, compris- 
ing: first means for obtaining an absolute value of an 
amplitude of an output signal output from the first block 
of the photoelectric conversion element; second means 

55 for comparing the absolute value with a predetermined 
reference value to obtain a difference thereof; first cor- 
rection means for correcting the output signal on the 
basis of the difference obtained by the second means; 
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second correction means for correcting an output signal 
output from the second block on the basis of the differ- 
ence obtained by the second means; transfer means for 
transferring the output signal corrected by the first cor- 
rection means and the output signal corrected by the 
second correction means, by which a pixel arrange- 
ments in the output signals are corrected to original 
one; and processing means for processing the output 
signals which are transferred from the transfer means 
and have the original pixel arrangement. 

The object of the present invention is also attained 
by an image reading device of the fourth aspect of the 
present invention, which irradiates a document and 
reads an image of the document with use of a quadru- 
plex photoelectric conversion element for dividing 
image data into four groups and photoelectrically con- 
verting received light reflected from the document by 
correcting first, second, third, and fourth output signals 
from the qudruplex photoelectric conversion element, 
comprising: first correction means for dividing the first 
output signal output from the quadruplex photoelectric 
conversion element into an image signal and a control 
signal, comparing an absolute value of the control sig- 
nal with a predetermined reference value, and correct- 
ing the divided image signal to have a predetermined 
voltage with use of an error signal obtained by the com- 
parison; second correction means for dividing the sec- 
ond output signal output from the quadruplex 
photoelectric conversion element into an image signal 
and a control signal, comparing an absolute value of the 
control signal with the error signal obtained by the first 
correction means as a predetermined reference value, 
and correcting the image signal to have a predeter- 
mined voltage with use of an error signal voltage 
obtained by the comparison of the absolute value and 
the error signal output as a reference value from the first 
correction means; third correction means for dividing 
the third output signal output from the quadruplex pho- 
toelectric conversion element into an image signal and 
a control signal, comparing an absolute value of the 
control signal with the error signal obtained by the first 
correction means as a predetermined reference value, 
and correcting the image signal to have a predeter- 
mined voltage with use of an error signal voltage 
obtained by the comparison of the absolute value and 
the error signal output as the reference value from the 
first correction means; fourth correction means for divid- 
ing the fourth output signal output from the quadruplex 
photoelectric conversion element into an image signal 
and a control signal, comparing an absolute value of the 
control signal with the error signal obtained by the first 
correction means as a predetermined reference value, 
and correcting the image signal to have a predeter- 
mined voltage with use of an error signal voltage 
obtained by the comparison of the absolute value and 
the error signal output as the reference value from the 
first correction means; transfer means for transferring 
the image signal corrected by the first correction means, 



the image signal corrected by the second correction 
. means, the image signal corrected by the third correc- 
tion means, and the image signal corrected by the 
fourth correction means by which a pixel arrangements 
5 of the image signals are corrected to an original one; 
and processing means for processing the output signals 
which are transferred from the transfer means and have 
the original pixel arrangement. 

The object of the present invention is also attained 
10 by an image forming apparatus of the fifth aspect of the 
present invention, which irradiates a document and 
forms an image of the document on the basis of an cor- 
rected signal output from a photoelectric conversion 
element having first and second blocks and photoelec- 
15 trically converting received reflected light from the doc- 
ument, comprising: first means for obtaining an 
absolute value of an amplitude of an output signal out- 
put from the first block of the photoelectric conversion 
element; second means for comparing the absolute 
20 value with a predetermined reference value to obtain a 
difference thereof; first correction means for correcting 
the output signal on the basis of the difference obtained 
by the second means; second correction means for cor- 
recting an output signal output from the second block on 
25 the basis of the difference obtained by the second 
means; transfer means for transferring the output signal 
corrected by the first correction means and the output 
signal corrected by the second correction means, by 
which a pixel arrangements in the output signals are 
30 corrected to original one; processing means for 
processing the output signals which are transferred 
from the transfer means and have the original pixel 
arrangement; and image forming means for forming the 
image on the basis of the output signal processed by 
35 the processing means. 

The object of the present invention is also attained 
by an image forming apparatus of the sixth aspect of the 
present invention, which irradiates a document and 
forms an image on the basis of corrected first, second, 
40 third, and fourth output signals from a quadruplex pho- 
toelectric conversion element dividing image data into 
four groups and photoelectrically converting received 
light reflected from the document, comprising: first cor- 
rection means for cfividing the first output signal output 
45 from the quadruplex photoelectric conversion element 
into an image signal and a control signal, comparing an 
absolute value of the control signal with a predeter- 
mined reference value, and correcting the image signal 
to have a predetermined voltage with use of an error 
so signal obtained by the comparison; second correction 
means for dividing the second output signal output from 
the quadruplex photoelectric conversion element into 
an image signal and a control signal, comparing an 
absolute value of the control signal with the error signal 
55 obtained by the first correction means as a predeter- 
mined reference value, and correcting the image signal 
to have a predetermined voltage with use of an error 
signal voltage obtained by the comparison of the abso- 
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lute value and the error signal output as a reference 
value from the first correction means; third correction 
means for dividing the third output signal output from 
the quadruples photoelectric conversion element into 
an image signal and a control signal, comparing an 5 
absolute value of the control signal with the error signal 
obtained by the first correction means as a predeter- 
mined reference value, and correcting the image signal 
to have a predetermined voltage with use of an error 
signal voltage obtained by the comparison of the abso- 10 
lute value and the error signed output as the reference 
value from the first correction means; fourth correction 
means for dividing the fourth output signal output from 
the quadruples photoelectric conversion element into 
an image signal and a control signal, comparing an 15 
absolute value of the control signal with the error signal 
obtained by the first correction means as a predeter- 
mined reference value, and correcting the image signal 
to have a predetermined voltage with use of an error 
signal voltage obtained by the comparison of the abso- 20 
lute value and the error signal output as the reference 
value from the first correction means; transfer means for 
transferring the image signal corrected by the first cor- 
rection means, the image signal corrected by the sec- 
ond correction means, the image signal corrected by 2 s 
the third correction means, and the image signal cor- 
rected by the fourth correction means by which a pixel 
arrangements in the output signals are corrected to an 
original one; processing means for processing the out- 
put signals transferred from the transfer means and 30 
have the original pixel arrangement; and image forming 
means for forming the image on the basis of the output 
signal processed by the processing means. 

The invention can be more fully understood from 
the following detailed description when taken in con- 35 
junction with the accompanying drawings, in which; 

FIG. 1 is a schematic view illustrating a digital cop- 
ying machine according to the present invention; 
FIG. 2 is a block diagram showing a control system 40 
of the digital copying machine shown in FIG. 2; 
FIG. 3 is a detailed block diagram showing the con- 
stitution of a quadruplex CCD provided to the digital 
copying machine, which divides image data into 
four pixel groups; 45 
FIG. 4 is a detailed view showing the circuit consti- 
tution of the quadruplex CCD circuit of the CCD; 
FIG. 5A is a view for explaining the output pixels of 
the quadruplex CCD; 

FIG. 5B is a view for explaining the output pixels of so 
the quadruplex CCD; 

FIG. 5C is a view for explaining the output pixels of 
the quadruplex CCD; 

FIG. 5D is a view for explaining the output pixels of 
the quadruplex CCD; 55 
FIG. 5E is a view for explaining the output pixels of 
from the quadruplex CCD; 
FIG. 6A is a view for explaining the pixels stored in 



a buffer; 

FIG. 6B is a view for explaining the pixels stored in 
a buffer; 

FIG. 6C is a view for explaining the pixels stored in 
a buffer; 

FIG. 6D is a view for explaining the pixels stored in 
a buffer; 

FIG. 6E is a view for explaining the pixels stored in 
a buffer; 

FIG. 7A is a view for explaining the pixels stored in 
a transfer data memory buffer; 
FIG. 7B is a view for explaining the pixels stored in 
the transfer data memory buffer; 
FIG. 8 is a view showing the constitution of the off- 
set voltage AGC circuits; 

FIG. 9 is a detailed view showing the constitution of 
the offset voltage AGC-MO circuit; 
FIG. 10 is a detailed view showing the constitution 
cf the offset voltage AGC-S1/AGC-S2/AGC-S3 cir- 
cuit; and 

FIGS. 1 1 A, 1 1 B, 1 1 C, 1 1 D, 1 1 E, and 11 F are timing 
charts showing waveforms of signals of the offset 
AGC circuit. 

An embodiment of the present invention will be 
described below with reference to the drawings. 

The following is the embodiment of a composite 
type image forming apparatus having three functions of 
a copying machine (PPC), a facsimile machine (FAX), 
and a printer (PRT). 

FIG. 1 is a view showing an inner structure of a dig- 
ital copying machine as one example of the present 
invention. 

As shown in FIG. 1 , the digital copying machine has 
a machine body 10 which is provided with a scanner 
section 4 functioning as image reading means 
described later and a printer section 6 functioning as 
image forming means. 

On the upper face of the machine body 10, a docu- 
ment mount 12 having a transparent glass plate for 
mounting thereon an object to be read, i.e., the docu- 
ment D, is provided. The upper face of the machine 
body 10 is also provided with an automatic document 
feeder (hereinafter referred to as "ADF") 7 for automati- 
cally feeding the document to the document mount 12. 
The ADF 7 is arranged to be opened/closed with 
respect to the document mount 12, and also functions 
as a weight for keeping the document D from lifting off 
the document mount 12. 

The ADF 7 comprises an document tray 8, an emp- 
tiness sensor 9 for sensing the presence/absence of the 
document, a pick-up roller 14 for picking the document 
up one by one. a feeding roller 15 for conveying the doc- 
ument picked by the pick-up roller 14. an aligning roller 
pair 16 for aligning the distal end of the document, and 
a conveyer belt 18 arranged to cover substantially the 
entire portion of the document mount 12. A plurality of 
document sheets turning their document faces upward 
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on the document tray 8 are picked up one by one from 
the lowest page, i.e., the last page. After the distal end 
portion of the sheet is aligned by the aligning roller pair 
16, the sheet is conveyed by the conveyer belt 18 to a 
predetermined position on the document mount 12. 

In the ADF 7, the aligning roller pair 16 faces an 
overturning roller 20, non-overturned sheet sensor 21 , a 
flapper 22, and a discharge roller 23, which are 
arranged at the end of the opposite side to that of the 
aligning roller pair 16 so as to arrange the conveyer belt 
18 therebetween. The document D from which image 
information is read by the scanner section 4 described 
later is transferred from the document mount 12 by the 
conveyer belt 18, and discharged to a discharge section 
24 on the upper surface of the ADF 7 via the overturning 
roller 20, the non-overturned sheet sensor 21, and the 
flapper 22. When the rear face of the document D needs 
to be read, the document D transferred by the conveyer 
belt 18 is overturned by the overturning roller 20, and 
then transferred to a predetermined position of the doc- 
ument mount 12 again through the conveyer belt 18 by 
the switched flapper 22. 

The scanner section 4 arranged in the machine 
body 10 has an exposing lamp 25 as a light source for 
irradiating the document D mounted on the document 
mount 12 and a first mirror 26 for deflecting the light 
reflected by the document D in a predetermined direc- 
tion. The exposing lamp 25 and the first mirror 26 are 
attached to a first carriage 27 arranged on a lower sur- 
face of the document mount 12. 

The first carriage 27 is arranged movably in parallel 
to the document mount 12, and is reciprocated below 
the document mount 1 2 by a driving motor with use of a 
gear belt (not shown) or the like. 

The lower surface of the document mount 1 2 is also 
provided with a second carriage 28 capable of moving 
in parallel to the document mount 12. The second car- 
riage 28 is provided with second and third mirrors 30 
and 31 for deflecting the reflection light from the docu- 
ment D which is deflected by the first mirror 26, in order. 
The second and third mirrors 30 and 31 are attached to 
the second carriage 28 so as to form a right angle with 
each other. The second carriage 28 is moved together 
with the first carriage 27 by the gear belt which drives 
the first carriage 27, and is moved at a speed of a half of 
that of the first carriage 27 in parallel with the first car- 
riage 27 along the document mount 12. 

Below the document mount 12, an image forming 
lens 32 for converging the reflection light from a third 
mirror 31 which is attached to the second carriage 28 
and the quadruples CCD (photoelectric conversion ele- 
ment) 34 for receiving the converged reflection light to 
convert the reflected light into electric charge are 
arranged. The image forming lens 32 is arranged on a 
plane including the light axis of the light deflected by the 
third mirror 31 , so as to be movable by a driving mecha- 
nism. The image forming lens 32 moves itself to form an 
image from the reflection light with a desired magnifica- 



tion. The quadruple* CCD 34 converts the received 
reflection light into electric charge so as to output an 
electric signal corresponding to the image of the docu- 
ment D. The output signal of the CCD is input into an 

5 image processing circuit 35 which is incorporated into a 
printed board, through a quadruplex CCD circuit 
described later. 

The printer section 6 as another main section of the 
apparatus is provided with a laser exposing apparatus 

w 40 functioning as an electrostatic image forming means. 
The laser exposing device 40 comprises a semiconduc- 
tor laser device 41 as a light source; a polygon mirror 36 
as a scanning member for successively deflecting the 
laser beam emitted by the semiconductor laser device 

75 41 ; a polygon motor 37 as a scanning motor for driving 
the polygon mirror 36 by rotating the polygon mirror 36 
at a predetermined rotation rate; and an optical system 
42 for guiding laser beam traveling from the semicon- 
ductor laser device 41 to a photosensitive drum 44 

20 through the polygon mirror by deflecting the laser beam. 
The laser exposing apparatus 40 having such a struc- 
ture is fixedly supported by a supporting frame (not 
shown) of the machine body 10. 

The semiconductor laser device 41 is turned on/off 

25 in accordance with the image information read from the 
document D by the scanner 4 or the document informa- 
tion transmitted from a facsimile apparatus. The laser 
beam emitted from the semiconductor laser device 41 is 
directed to the photosensitive drum 44 via the polygon 

30 mirror 36 and the optical system 42, and scans the cir- 
cumferential surface of the photosensitive drum 44 to 
form an electrostatic image on the circumferential sur- 
face of the photosensitive drum 44. 

The printer section 6 has a rotatable photosensitive 

35 drum 44 as an image holder which is arranged in a sub- 
stantially central portion of the machine body 10. The 
photosensitive drum 44 is exposed on the circumferen- 
tial surface to the laser beam from the laser exposing 
apparatus 40, to form a predetermined electrostatic 

40 image thereon. The photosensitive drum 44 is sur- 
rounded by the following components arranged as if 
they were an integral device: a charger 45 for electro- 
statically charging the circumferential surface of the 
drum at a predetermined level; a developer 46 for sup- 

45 plying toner as developing agent to the electrostatic 
image formed on the circumferential surface of the pho- 
tosensitive drum 44 in order to develop the image with 
desired image density; and a peeling charger 47 for 
peeling an object which is fed from the paper feeding 

so cassette described later and on which the toner image 
formed on the photosensing drum, i.e., the copy sheet 
R off the circumferential surface of the photosensitive 
drum 44. The following components also surround the 
photosensitive drum 44: a transfer charger 48 for trans- 

55 ferring the toner image formed on the circumferential 
surface of the photosensitive drum 44 to the sheet P; a 
peeling craw 49 for peeling the copying sheet P off the 
circumferential surface of the photosensitive drum 44; 
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cleaning device for cleaning the residual toner from the 
circumferential surface of the photosensitive drum 44; 
and a discharger 51 for discharging the circumferential 
surface of the photosensitive drum 44. 

The machine body 10 is provided at its lower por- 
tion with an upper paper cassette 52, a middle paper 
cassette 53, and a lower paper cassette 54, each of 
which can be pulled out from the machine body 10, are 
arranged to be stacked on each other. These cassettes 
contain copy sheets different from each other in size. 
Near these cassettes, a large capacity paper feeder 55 
having a capacity of containing three thousands of copy 
sheets of a size frequently used, e.g. A4 size is 
arranged. Above the large capacity paper feeder 55, a 
feeding cassette 57 also functioning as a manual feed 
tray 56 is detachably arranged. 

In the machine body 10, a sheet conveying path 58 
is formed to extend from each of the cassettes and large 
capacity paper feeder 55 to the end thereof with a fixing 
device 60 having a fixing lamp 60a through a transfer 
section positioned between the photosensitive drum 44 
and the transfer charger 48. The machine body stdewal! 
facing the fixing device 60 is provided with an output 
port 61 attached to a finisher 150 having a single tray. 

Each of the upper paper cassette 52, the middle 
paper cassette 53. the lower paper cassette 54, the 
feeding cassettes 57, and the large capacity paper 
feeder 55 is provided at the neighborhood thereof with a 
pick-up roller 63 for picking a copy sheet P from the cas- 
sette or the feeder one by one. In order to convey the 
picked copy sheets through the conveying path 58, the 
conveying path 58 is provided with a plurality of feeding 
roller pairs 64. 

The conveying path 58 is further provided therein 
with a resist roller pair 65 in the upper stream of the pho- 
tosensitive drum 44. The resist roller pair 65 corrects 
the skew of the picked copy sheet P, aligns the distal 
end of the copy sheet P with the distal end of the toner 
image on the photosensitive drum 44, and feeds the 
copy sheet P to the transfer section at the same speed 
as the rotating speed of the photosensitive drum 44. In 
front of the resist roller pair 65, i.e., in front of the feed- 
ing roller pairs 64, an pre-aligning sensor 66 for sensing 
the arrival of the copy sheet P is arranged. 

The copy sheet P picked up from one of the cas- 
settes or the feeder 55 by the pick-up roller 63 is con- 
veyed to the resist roller pair 65 by the feeding roller 
pairs 64. After aligning the distal end of the copy sheet 
P with the distal end of the developed image, the copy 
sheet P is conveyed to the transfer section. 

In the transfer section, the developed image, i.e., 
the toner image formed on the photosensitive drum 44 
is transferred onto the copy sheet P by the transfer 
charger 48. The toner image transferred onto the copy 
sheet P is peeled off the circumferential surface of the 
photosensitive drum 44 by the peeling charger 47 and 
the craw 49, and conveyed to the fixing device 60 
through a conveyer belt 67 as a part of the conveying 



path 52. After the fixing device 60 fuses the developing 
agent of the image to fix the developed image onto the 
copy sheet P, the copy sheet P is discharged onto the 
finisher 150 through the output port 61 by a feeding 
s roller pair 68 and an output roller pair 69. 

Below the conveying path 58, an automatic over- 
turning device 70 is arranged to overturn the copy sheet 
P passing through the fixing device 60 and to feed the 
overturned copy sheet P to the resist roller pair 65 
10 again. The automatic overturning device 70 comprises 
a temporary accumulating section 71 for temporarily 
accumulating the copy sheet P; an overturning path 72 
as a branch of the conveying path 58, for overturning 
the copy sheet P passing through the fixing device 60 to 
is guide to the temporary accumulating section 71 ; a pick- 
up roller 73 for picking the copy sheets P accumulated 
in the temporary accumulating section 71 up one by 
one; and a feeding roller 75 for feeding the picked copy 
sheet P to the resist roller pair 65 via a conveying path 
74. At the branching portion of the conveying path 58 
and the overturning path 72, a switching gate 76 is 
arranged for selectively providing the copying sheet P to 
either of the output port 61 and the overturning path 72. 

In performing the both-sides copying operation, the 
copy sheet P is guided to the overturning path 72 by the 
providing gate 76. The overturned copy sheet P is accu- 
mulated in the temporary accumulating section 71 for a 
while, then conveyed to the resist roller pair 65 through 
the conveying path 74 by the pick-up roller 73 and the 
feeding roller pair 75. After the skew-correction and the 
alignment by the resist roller pair 65, the copy sheet P is 
conveyed to the transfer section again such that toner 
image is transferred onto the rear face of the copy sheet 
P. Thereafter, the copy sheet P travels through the con- 
veying path 58, the fixing device 60, and the output 
roller 69, and then is output to the finisher 150. 

The finisher 150 is designed to collect the output 
copy sheets in a predetermined unit, hold them with a 
staple, and accumulate therein. Every time when one 
sheet to be held by a staple together with the other 
sheets output from the output port 61 , a guide bar 151 
pushes the output sheet to the position at which the 
sheets are held with a staple. When all the sheets to be 
held as a unit are output, a paper weight arm 152 fixes 
the unit of the output sheets, and a stapler unit (not 
shown) holds the unit of sheets with a staple. Subse- 
quently, the guide bar 151 descends in order to output 
the stapled unit of sheets to a finisher output tray 154 by 
a finisher output roller 155. The descending depth of the 
finisher output tray 1 54 is determined to some extent by 
the number of the output sheets. The finisher output tray 
154 descends every time when one unit of document 
sheets is output. The guide bar 151 for aligning the out- 
put copy sheet P is positioned at a level not to contact 
the unit of sheets which has been stapled and output to 
the finisher output tray 154. 

The finisher output tray 154 is connected to a shift- 
ing mechanism (not shown) for shifting the output place 
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of the copy sheet one by one (in front, rear, left, and 
right directions, for example) for every outputting, in a 
sorting mode. 

The machine body 1 0 is further provided in the front 
thereof at the upper portion with an operation panel (not 
shown) with use of which the user inputs instructions for 
various copying conditions and a copying operation 
starting signal for starting the copying operation. 

Next, a control system of the digital copying 
machine having the above-mentioned structure will be 
described below with reference to FIG. 2. 

The control system of the digital copying machine 
comprises three main sections: a basic section 301 as a 
main block of the digital copying machine, which has 
image processing means 314 connecting the scanner 
section 4 and the printer section 6; a page memory sec- 
tion 302 for realizing memory copy (electric sorting) 
operation by recording the image data received from the 
basic section 301 and transferring it to the basic section 
301 again; and an extension section 303 including a 
hard disk (HD) as a secondary memory for storing com- 
pressed image data transferred from the page memory 
section 302, a FAX board (G4/G3 FAX control means) 
369 for transferring/receiving the compressed image 
data to/from the outside through the public telephone 
line; a LAN board (local area network control means) 
371 for transferring/receiving the compressed image 
data to/from the other section in the same locality 
through the LAN line; a mother board having an exten- 
sion section CPU 361 for controlling the FAX board and 
the LAN board through a system bus 373 and an ISA 
bus 374, a main memory 361 a used by the extension 
section CPU 361, and a DM AC 362 for controlling the 
DMA transfer through the ISA bus 374. 

The basic section 301 and the page memory sec- 
tion 302 are connected by a basic section system inter- 
face 316 through which control data is transferred and a 
basic section image interface 31 7 through which image 
data is transferred. The page memory section 302 and 
the extension section 303 are connected by an exten- 
sion section system interface 376 through which control 
data is transferred and an extension section image 
interface 377 through which image data is transferred. 

The inner structure of the above three main sec- 
tions will be described below with reference to FIG. 2. 

The basic section 301 comprises input means (the 
scanner section) 4; output means (the printer section) 6; 
image processing means 314; and control means (the 
basic section CPU) 31 1 for controlling them. 

The scanner section 4 has a quadruplex CCD 34 
comprising a plurality (one line) of photoconductive ele- 
ments arranged in a line, and reads the image of the 
document mounted on the document mount 12 in unit of 
a line in accordance with the instruction from the basic 
section CPU 31 1. The scanner section 4 converts the 
image density of the image into the digital data of 8 bits, 
and outputs the converted data as time series digital 
data together with a synchronizing signal to the image 



processing means 314 through a scanner interface (not 
shown). 

The basic section CPU 31 1 controls each compo- 
nents of the basic section 301 and each components of 

5 the page memory section 302. 

The page memory section 302 as the other one of 
the main sections of the control system comprises: sys- 
tem control means 304 incorporating therein a commu- 
nication memory 305. and for controlling the transfer of 

10 the control data between the basic section CPU 31 1 in 
the basic section 301 and the extension section CPU 
361 in the extension section 303 and for controlling an 
access from the basic section 301 and the extension 
section 303 to the page memory 323; storing means (a 

75 page memory) for temporarily storing image data; an 
address controlling section for generating addresses of 
the page memory 323; an image data bus 320 through 
which image data is transferred among the devices in 
the page memory section 302; a control bus through 

20 which a control signal is transferred between the 
devices in the page memory section 302 and the sys- 
tem controlling means 304; data control means 307 for 
controlling data transfer between the page memory 323 
and the other device through the image data bus 320; 

25 image data l/F means 308 for interfacing the basic sec- 
tion 301 and the basic image interface 317 when the 
image data is transferred therethrough; resolution con- 
version/binary image data rotation means for converting 
the resolution of the image data into the resolution of the 

30 other machine when the image data is transferred to the 
other machine having different resolution from that of 
the machine of the present invention, for converting the 
resolution of the image data received from the other 
machine having different resolution into the resolution of 

35 the printer section 6 of the basic section 301, and for 
executing 90° rotation processing of the binary image 
data; data compression/extension means 324 for com- 
pressing the input image data to transfer the image data 
by the apparatus such as a FAX which transfers data 

40 after compressing the data or to store the data in a 
device such as an optical disk, which stores data after 
compressing the data, and for extending the com- 
pressed image data to visualize the image data with use 
of the printer section 6; and a multi-valued data rotation 

45 memory 309 connected to the image data l/F means 
308 and used to rotate the image data output from the 
printer section 6 by 90° or -90° . 

The extension section 303 as the other one of the 
mains sections of the control system comprises: control 

so means (the extension section CPU) for controlling the 
devices in the extension section 303 through the exten- 
sion system bus 373, a main memory 361a used by the 
extension CPU 361 ; an ISA bus 374 for a general use; a 
ISA bis controller (ISA • B/C) 363 for interfacing an 

55 extension system bus 373 and the ISA bus 374; a DMA 
(DMAC) controller 362 for controlling the data transfer 
through the ISA bus 374; storing means (HDD) 365 con- 
nected to the ISA bus 374, for electrically storing image 
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data; an HD • FD interface (HD • FD l/F) 364 as an 
interface between the storing means 365 and the ISA 
bus 374; storing means (the optical disk: ODD) 368 con- 
nected to the ISA bus 374, for electrically storing the 
image data; an SCSI interlace 367 as an interface 
between the storing means 368 and the ISA bus 374; 
local area (LAN) network control means 371 for attain- 
ing the LAN function; printer controller means 370 for 
attaining the printer function; G4/G3 FAX control means 
369 having the G4/G3 FAX control function; and an 
extension image bus 375 for outputting the image data 
output from the printer controller means 370 to the page 
memory section 302 through the system image inter- 
face 377. 

A hard disk HD contained in the HDD 365 stores as 
a file compressed image data of every document com- 
prising one or a plurality of pages so as to be retrieved 
by corresponding retrieval data. 

The extension system bus 373 is connected to the 
operation panel comprising a keyboard from which an 
instruction to the extension section 303 is input, and a 
display. 

The storing means (ODD) 368 is connected to the 
ISA bus 374 through the SCSI interface 367, and the 
extension section CPU 361 controls the storing means 
368 through the extension system bus 373. the ISA • 
B/C 363, and the ISA bus 374 with use of SCSI com- 
mand. 

Next, the image data l/F means (the image data 
control means) 308 will be described below. The image 
data l/F means 308 performs the image data transfer 
between the scanner section 4 or the printer section 6 
and the page memory 323 through the image data 
processing means 314. The image data l/F means 308 
performs the image data transfer between the printer 
controller 370 or the like connected to the extension 
image bus 375 and the page memory 323. 

The page memory 323 in the page memory section 
302 used in this embodiment has a large memory 
capacity. 

FIG. 3 shows the structure of the quadruplex CCD 
34, in detail. The quadruplex CCD 34 comprises: photo 
diodes S1-S7500; a shift gate 101; a shift gate 102; 
CCD analog shift registers 111-114; output buffer mem- 
ories 121-124; and output terminal OS1-OS4. 

The photo diodes S1-S7500 photoelectrically con- 
verts light reflected by the document into an electric sig- 
nal. The shift gates 101-102 transfer the image signals 
converted by the photo diodes S1-S7500 to the CCD 
analog shift registers 1 1 1 -1 14 at the timing controlled by 
the image processing circuit 35. 

The CCD analog shift registers 111-114 are the 
transfer circuits for transferring the image signals trans- 
ferred through the shift gates 101 and 102 to the image 
processing circuit 35. The CCD analog shift registers 
1 1 1 and 112 transfer the image data through odd pixels 
and even pixels of the photo diodes S1-S3750 (at the 
front side: denoted in the drawing as "Odd sensor 1" 



and "Even sensor 1"), and the CCD analog shift regis- 
ters 113 and 114 transfer the image data through odd 
pixels and even pixels of the photo diodes S3751 -S7500 
(at the rear side: denoted in the drawing as "Odd sensor 

5 2" and "Even sensor 2"). 

The output buffer memories 121-124 output to the 
outside the image signals which are serially transferred 
from the CCD analog shift registers 111-114 and have 
as sufficient impedance. 

io FIG. 4 shows the structure of a quadruplex CCD cir- 
cuit 100 for performing the transfer of the image data 
obtained by the quadruplex CCD 34. The quadruplex 
CCD circuit 100 transfers the pixel data output from the 
quadruplex CCD 34 to be divided into four pixel groups, 

is and outputs the pixel data to the image processing cir- 
cuit 35 so as to recover the original CCD pixel arrange- 
ment. 

The quadruplex CCD circuit 100 comprises: an 
AGC-M0 circuit 130; an analog-digital converter (ADC) 

20 171; a memory buffer 181; an AGC-S1 circuit 140; an 
analog-digital converter (ADC) 172; a memory buffer 
182; an AGC-S2 circuit 150; an analog-digital converter 
(ADC) 173; a memory buffer 183; an AGC-S3 circuit 
160; an analog-digital converter (ADC) 174; a memory 

25 buffer 1 84; and a transfer data memory buffer 200. 

The analog data transferred from the quadruplex 
CCD 34 preferably has a low frequency. The transfer 
clock frequency is thus set at 10 MHz when the data is 
transferred from the output terminal OS1 to the AGC-M0 

30 circuit 130, the ADC 171, and the memory buffer 181. 
Similarly, the transfer clock frequency in the data trans- 
fers from the output terminal OS2 to the AGC-S1 circuit 
1 40, the ADC 1 72, and the memory buffer 1 82, from the 
output terminal OS3 to the AGC-S2 circuit 1 50, the ADC 

35 1 73, and the memory buffer 183, from the output termi- 
nal OS4 to the AGC-S3 circuit 160, the ADC 174, and 
the memory buffer 184, is also set at 10 MHz. 

In contrast, in the data transfer from the memory 
buffers 181-184, i.e., digital data transfer, the transfer 

40 clock frequency is set at 40 MHz. 

The above-mentioned quadruplex CCD 34 shown 
in FIG. 3 is a quadruplex CCD having 7500 pixels (i.e., 
the photo diodes S1-S7500) realizing a resolution of 
600 dpi. Firstly, the quadruplex CCD divides the imaging 

45 region into first and second half portions, i.e., front and 
rear portions, by dividing all the pixels between the 
3750 th and the 3751 th pixels in the main scanning direc- 
tion, and then separating the odd pixels from the even 
pixels in the two divided pixel groups, respectively. By 

so dividing the imaging region into four parts in such a 
manner, the CCD can be driven with use of the driving 
clock signal of a quarter of that for driving the CCD of 
the non-divided pixels. 

A CCD is formed to output data from both end pix- 

55 els aligned in a line the main scanning direction. The 
data of the pixels according to the present invention as 
shown in FIG. 5A is thus output from the output termi- 
nals OS1 and OS2 of the CCD in such orders that the 
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odd pixel and the even pixel at the first of all the pixels in 
the groups are output at the first of all the pixels of the 
groups in a count-up manner as shown in FIGS. 5B and 
5C. From the output terminals OS3 and OS4 of the 
CCD, the odd pixel and the even pixel at the last of all 
the pixels are output at the first of all the pixels in the 
groups in a count-down manner as shown in FIGS. 5D 
and 5E. 

With such output orders, the output signals of the 
quadruplex CCD need to be subjected to the time series 
conversion, thereafter. Accordingly, the quadruplex 
CCD circuit 100 shown in FIG. 4 performs the time 
series conversion tor the output signals of the quadru- 
plex CCD with use of the memory buffer 181-184 and 
the data transfer memory buffer 200, as described 
below more specifically. 

As shown in FIG. 3, the output signal from the out- 
put terminal OS1 of the quadruplex CCD 34 is adjusted 
to have a suitable amplitude by the AGC-MO circuit 130, 
and then converted from an analog signal into a digital 
signal by the analog-digital converter (ADC) 171 so as 
to be quantized. The quantized output signal is stored 
as digital data in the memory buffer 181, as shown in 
FIG. 6B. 

The output signal from the output terminal OS2 of 
the quadruplex CCD 34 is adjusted to have a suitable 
amplitude by the AGC-S1 circuit 140, and then con- 
verted from an analog signal to a digital signal by the 
analog-digital converter (ADC) 172 so as to be quan- 
tized. The quantized output signal is stored as digital 
data in the memory buffer 182, as shown in FIG. 6C. 

Similarly, the output signal from the output terminal 
OS3 of the quadruplex CCD is adjusted to have a suita- 
ble amplitude by the AGC-S2 circuit 150, and then con- 
verted from an analog signal to a digital signal by the 
analog-digital converter (ADC) 173 so as to be quan- 
tized. The quantized output signal is stored as digital 
data in the memory buffer 183, as shown in FIG. 6D. 

In the similar manner as mentioned above about 
the other output terminals, the output signal from the 
output terminal OS4 of the quadruplex CCD is also 
adjusted to have a suitable amplitude by the AGC-S3 
circuit 160. and converted from an analog signal to a 
digital signal by the analog-digital converter (ADC) 1 74 
so as to be quantized. The quantized output signal is 
stored as digital data in the memory buffer 184, as 
shown in FIG. 6E. 

The outputs of the quadruplex CCD are serial in the 
time series. Therefore, the pixel arrangement of the 
quadruplex CCD 34 in outputting the signals is main- 
tained till the output signals are stored in the memory 
buffers 181-184, as shown in FIGS. 5A, SB, 5C, 5D, and 
5E and 6A, 6B, 6C. 6D, and 6E. 

When the output signals are transferred to the 
transfer data memory buffer 200, the outputs of the 
quadruplex CCD 34 are set free from the binding of the 
time series, as shown in FIGS. 7A and 7B, and are 
stored in the transfer data memory buffer 200 in the 



original order, i.e., from the first pixel S1 to the last pixel 
S7500. The original pixel arrangement of the quadru- 
plex CCD 34 is recovered in the transfer data memory 
buffer 200. 

s Each data stored in the memory buffers 181-184 
necessarily corresponds to the data of corresponding 
one of the pixels in the quadruplex CCD 34, and thus 
the transfer pattern in transferring the data to recover 
the pixels arrangement order is also automatically 

10 determined. 

In this manner, the image processing as performed 
in the conventional apparatus can be performed in the 
image processing circuit 35. 

FIG. 8 shows the constitution of the offset voltage 

75 AGC circuit. The offset voltage AGC circuit of the 
present invention comprises the AGC-MO circuit 130, 
the AGC-S1 circuit 140, the AGC-S2 circuit 150, and the 
AGC-S3 circuit 160. as described above. 

The AGC-MO circuit 130 includes a differential 

20 amplifying circuit 1 31 . a terminal-based detection circuit 
132, a differential amplifying circuit 133, a comparison 
circuit 134, a reference control value 135, a reference 
current generating circuit 136, and a voltage holding cir- 
cuit 137. 

25 The differential amplifying circuit 131 performs the 
differential amplification of the image signal transferred 
from the output terminal OS1 of the CCD sensor 34 to 
divide the signal into the signal to be transferred to the 
image processing circuit 35 and an AGC detection sig- 

30 nal. The terminal-based detection circuit 132 performs 
the envelop detection of the signal output from the dif- 
ferential amplifying circuit 131 at both end terminals of 
the terminal-based detection circuit. The differential 
amplifying circuit 133 compares the signal output from 

35 the both end terminals of the terminal-based detection 
circuit 132 in order to obtain the absolute value of the 
CCD output signal. 

The comparison circuit 134 compares the detected 
CCD input signal absolute value obtained by the drffer- 

40 ential amplifying circuit 133 with the reference control 
value 1 35, and outputs the difference thereof as a refer- 
ence control value of the voltage holding circuit 137 and 
AGC-S1 AGC-S1 circuit 140, AGC-S2 circuit 150, and 
AGC-S3 circuit 160. The voltage holding circuit 137 

45 holds the difference voltage obtained by the comparison 
circuit 134 at timing of the shading correction. The refer- 
ence current generating circuit 136 makes an electric 
current having a predetermined value flow into the dif- 
ferential amplifying circuit 131 in accordance with the 

so voltage held by the voltage holding circuit 137. 

The AGC-S1 circuit 140 includes a differential 
amplifying circuit 141 , a terminal-based detection circuit 
142, a differential amplifying circuit 143, a comparison 
circuit 144. a reference control value 145, a reference 

55 current generating circuit 1 46, and a voltage holding cir- 
cuit 147. 

The differential amplifying circuit 141 performs the 
differential amplification of the image signal transferred 



9 



EP 0878958A2_I_> 



17 



EP 0 878 958 A2 



18 



from the output terminal OS1 of the CCD sensor 34 to 
divide the signal into the signal to be transferred to the 
image processing circuit 35 and an AGC detection sig- 
nal detected by the AGC. The terminal-based detection 
circuit 142 performs the envelop detection of the signal 5 
output from the differential amplifying circuit 141 at both 
end terminals of the terminal-based detection circuit. 
The differential amplifying circuit 143 compares the sig- 
nals output from the both end terminals of the terminal- 
based detection circuit 142 in order to obtain the abso- 
lute value of the CCD output signal. 

The comparison circuit 144 compares the detected 
CCD output signal absolute value obtained by the differ- 
ential amplifying circuit 143 with the difference obtained 
by the comparison circuit 134 of the AGC-MO circuit 
130, i.e., the reference control value 145, and outputs 
the difference to the reference current generating circuit 
1 46. The voltage holding circuit 1 47 holds the difference 
voltage obtained by the comparison circuit 144 at timing 
of the shading correction. The reference current gener- 
ating circuit 146 makes an electric current having a pre- 
determined value flow into the differential amplifying 
circuit 141 in accordance with the voltage held by the 
voltage holding circuit 147. 

The AGC-S2 circuit 1 50 and the AGC-S4 circuit 1 40 
have the same constitution as that of the AGC-S1 circuit 
1 40, and thus FIG. 4 does not show the detailed consti- 
tutions of the circuits 150 and 160, and the detailed 
description thereof is omitted here. 

FIG. 9 is a detailed view showing the constitution of 
the AGC-MO circuit 130. 

The differential amplifying circuit 1 31 is the conven- 
tional differential amplifying circuit comprising transis- 
tors Tr1 and Tr2 t and resistors R1, R2, R3, R4, and R6. 
The transistor Tr1 receives the image signal output from 
the output terminal OS1 of the CCD sensor 34 and con- 
stitutes the differential amplifying circuit together with 
the transistors Tr2. The resistors R3 and R6 constitute a 
bias voltage circuit for applying the transistors Tr2 with a 
bias voltage set at substantially the same level as that of 
the offset voltage of the CCD sensor 34. The resistor R5 
constitutes a circuit for constantly generating the refer- 
ence current having a predetermined value, and deter- 
mines the value of the reference current. The resistors 
R1 and R2 determine the amplifying level of the differ- 
ential amplifying circuit 131. The voltages at the both 
ends of the resistor R1 are set at the level necessary for 
inputting the image signal into the image processing cir- 
cuit 35, and the voltages at the both ends of the resistor 
R2 are set at the level necessary for operating the offset 
voltage AGC circuit. 

The terminal-based detection circuit 132 comprises 
an upstream terminal detection diode D2, a down- 
stream terminal detection diode D1 , an upstream termi- 
nal rectifying capacitor C2, an upstream terminal 
rectifying resistor R10, a downstream terminal rectifying 
capacitor CI, a downstream terminal rectifying resistor 
R9, and a both end terminal equilibrium resistor R8. The 



time constants of these elements are set at the values 
to smoothen the pixel signal. 

The differential amplifying circuit 133 comprises an 
operation amplifier OP1 and resistors R11, R12, R13. 
and R14, and operates to detect an absolute amplifica- 
tion value of the image signal is obtained by the termi- 
nal-based circuit 132. 

The comparison circuit 134 comprises an operation 
amplifier OP2 and resistors R15. R16, R17, and R18, 
and operates to compare a reference control value V ren 
and the absolute amplification value to output the differ- 
ence thereof as a reference current control value and a 
reference control value V ref2 of the AGC-S1 circuit 140, 
AGOS2 circuit 150, and AGC-S3 circuit 160. 

The voltage holding circuit 137 comprises an ana- 
log switch A-SW and a capacitor C3, and holds the dif- 
ference voltage output from the comparison circuit 134 
at the timing of the shading correction. The resistors 
R19 and R20 adjust the output voltage of the voltage 
holding circuit 137. 

The reference current generating circuit 136 com- 
prises a transistor (MOS FET) Tr3 and a source resistor 
R5, and generates a reference current of a predeter- 
mined value in accordance with the voltage held by the 
voltage holding circuit 137 and makes the current flow 
into the differential amplifying circuit 131. 

FIG. 10 is a detailed view showing the constitution 
of the offset voltage AGC-S1 circuit 140 (or AGC-S2 cir- 
cuit 1 50, AGC-S3 circuit 1 60). 

The differential amplifying circuit 141 is the conven- 
tional differential amplifying circuit comprising transis- 
tors Tr1 and Tr2, and resistors R1 , R2, R3, R4, and R6. 
The transistor Tr1 receives the image signal output from 
the output terminal OS2 of the CCD sensor 34 and con- 
stitutes the differential amplifying circuit together with 
the transistors Tr2. The resistors R3 and R6 constitute a 
bias voltage circuit for applying the transistors Tr2 with a 
bias voltage set at substantially the same level as that of 
the offset voltage of the CCD sensor 34. The resistor R5 
constitutes a circuit for constantly generating the refer- 
ence current having a predetermined value, and deter- 
mines the value of the reference current. The resistors 
R1 and R2 determine the amplifying level of the differ- 
ential amplifying circuit 141. The voltages at the both 
ends of the resistor R1 are set at the level necessary for 
inputting the image signal into the image processing cir- 
cuit 35, and the voltages at the both ends of the resistor 
R22 are set at the level necessary for operating the off- 
set voltage AGC circuit. 

The terminal-based detection circuit 142 comprises 
an upstream terminal detection diode D2, a down- 
stream terminal detection diode D1 , an upstream termi- 
nal rectifying capacitor C2, an upstream terminal 
rectifying resistor R10, a downstream terminal rectifying 
capacitor C1 , a downstream terminal rectifying resistor 
R9, and a both end terminal equilibrium resistor R8. The 
time constants of these elements are set at the values 
to smoothen the pixel signal. 
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The differential amplifying circuit 143 comprises an 
operation amplifier OP1 and resistors R11, R12. R13, 
and R14. and operates to detect an absolute amplifica- 
tion value of the image signal obtained by the terminal- 
based circuit 142. 

The comparison circuit 1 44 comprises an operation 
amplifier OP2 and resistors R15, R16, R17, and R18, 
and operates to compare the reference control value 
V ref2 input from the AGC-MO circuit 130 and the abso- 
lute amplification value to output the difference thereof 
as a reference current control value to the voltage hold- 
ing circuit 147. 

The voltage holding circuit 147 comprises an ana- 
log switch A-SW and a capacitor C3, and holds the dif- 
ference voltage output from the comparison circuit 144 
at the timing of the shading correction. The resistors 
R19 and R20 adjust the output voltage of the voltage 
holding circuit 1 47. 

The reference current generating circuit 146 com- 
prises a transistor (MOS FET) Tr3 and a source resistor 
R5. and generates a reference current of a predeter- 
mined value in accordance with the voltage held by the 
voltage holding circuit 147 and makes the current flow 
into the differential amplifying circuit 141 . 

FIGS. 11 A, 11 B, 11C, 11D, 11E. and 11 Fare timing 
charts showing waveforms of signals in the offset volt- 
age AGC circuits. 

The input signal waveform A shown in FIG. 1 1 A is 
the waveform of the output signal of the quadruplex 
CCD 34, and the waveform of the base voltage of the 
transistor Tr1 . 

The output signal waveform B shown in FIG. 1 1 B is 
the waveform of the output signal of the offset voltage 
AGC circuit and the waveform of the collector voltage of 
the transistor Tr1 , which is applied to the both ends of 
the resistor R1. The waveform changes in proportion to 
the change of the input signal waveform A. 

The AGC circuit control signal waveform C shown in 
FIG. 1 1 C is the waveform of the collector voltage of the 
transistor Tr2, which is applied to the both ends of the 
resistor R2. The waveform changes in proportion to the 
change of the input signal waveform A, but has an 
inverted phase of that of the waveform B since the AGC 
circuit control signal is the differential amplified signal 
generated from the difference between the output of the 
transistor Tr1 and the output of the transistor Tr2. 

The rectified AGC circuit control signal waveform D 
shown in FIG. 11D is the waveform of the signal input 
into the resistor R13 connected to the non-inverting ter- 
minal of the operation amplifier OP1 , and the waveform 
of the voltage applied to the both ends of the resistor 
R10 of the terminal-based detection circuit 132. The 
rectified AGC circuit control signal waveform E shown in 
FIG. 11D is the waveform of the signal input into the 
resistor R11 connected to the inverting terminal of the 
operation amplifier OP1. and the waveform of the volt- 
age applied to the both ends of the resistor R9 of the ter- 
minal-based detection circuit 132. 
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The AGC circuit control reference signal waveform 
F shown in FIG. 1 1E is the waveform of the voltage of 
the output signal of the operation amplifier OP1 of the 
differential amplifying circuit 133, which represents the 
5 absolute value of the AGC control signal waveform C. 

The gate control voltage waveform G shown in FIG. 
1 1 F is the waveform of the voltage of the output signal 
of the operation amplifier OP2 of the comparison circuit 
134, which has an inverted phase of that of the AGC cir- 
w cuit control reference signal waveform F. 

Li in FIG. 11A shows the offset voltage level (at 
which the output pixel is "black") of the output signal of 
the quadruplex CCD 34, and normally set at a DC 4.0V. 
L2 represents the level of a reset pulse to reset the 
is quadruplex CCD 34, and is normally set around 0.75V. 
L3 represents the level of a pixel signal output from the 
quadruplex CCD 34, and is set around 0.75V in the 
white shading correction. 

L4 in FIG. 1 1 A shows the voltage level of the AGC 
20 output signal, at which the output image is "black", and 
is set around 9.0V This "black" level is the offset voltage 
level of the image signal of the AGC circuit, and serves 
as the output signal of the transistor differential amplify- 
ing circuit, and thus is set around 9.0V as a bias voltage. 
25 L5 and L6 are the levels of the input signal input into the 
image processing circuit, and need to be set at the 
same level as the amplification level of the input signal. 

L7 is the offset voltage level (at which the output 
image is "black") of the AGC control signal. The AGC 
30 control signal is set around 9.0V as a bias voltage since 
the AGC control signal is the output of the transistor dif- 
ferential circuit. 

LB and L9 are the voltage level of the CCD output 
signal amplif ied to have the amplitude necessary to be 
35 detected by the terminal-based detection circuit. The 
ratio between the AGC output signal and the CCD out- 
put signal is determined by the ratio between the resist- 
ance values of the resistors R1 and R2. L1 1 is the 
voltage level of the upstream terminal of the AGC circuit 
40 in the envelop detection, and set at the value obtained 
by subtracting the voltage drop 0.7 at the diode from the 
peak value 12.0V 

L12 is the voltage level of the downstream terminal 
of the AGC circuit in the envelop detection, and set at 
45 the value obtained by adding the voltage drop 0.7 at the 
diode to the peak value 12.0V L10 is the absolute out- 
put voltage level of 6.0V as the result of the envelop 
detection of the AGC circuit. L13 is the absolute output 
voltage level of 6.0V derived from the result of the 
so envelop detection of the AGC circuit, as the voltage 
level of the AGC control reference signal. L1 4 is the volt- 
age level necessary to drive the gate of the reference 
current generating circuit, which is obtained by convert- 
ing the voltage level of the AGC control reference signal. 
55 When the CCD output has the voltage amplitude 
larger than a predetermined value, the voltage of the 
input signal will become larger than that of the signal of 
the predetermined value, as shown in FIGS. 1 1A, 1 1B, 
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1 1C, 1 1 D ( and 1 1 E by resultant L2\ L3\ L4\ ... and LI 3'. 
In FIG. 1 1 F, the resultant voltage level L14' is lower than 
the voltage level L14 obtained from the input signal of 
the predetermined value since the AGC circuit is a neg- 
ative feed-back control circuit. Since the voltage level of 
the AGC control reference signal is lowered, the refer- 
ence current generated by the reference current gener- 
ating circuit and input into the differential amplifying 
circuit as an input stage of the AGC circuit is decreased 
to attenuate the signal amplitude toward the desired 
level of the voltage: 0.75V. 

Next, the operation of the offset voltage AGC circuit 
(the offset voltage AGC-MO circuit 130, the offset AGC- 
S1 circuit 140, AGC-S2 circuit 150, AGC-S3 circuit 160) 
will be specifically described with reference to the signal 
waveforms shown in FIGS. 11 A, 11B, 11C. 11D, 11 E, 
and 11F. 

Firstly, the operation of the offset voltage AGC-MO 
circuit 130 shown in FIG. 9 will be described below. 

When the amplitude of the CCD input signal wave- 
form shown in FIG. 1 1 A is larger than a predetermined 
one, the amplitude of the waveform denoted by A1 
becomes larger than that obtained by the input of the 
predetermined value, and the amplitude of the AGC 
control signal waveform denoted by C1 also becomes 
larger than that obtained by the input of the predeter- 
mined value. In accordance therewith, the difference 
between the rectified AGC control signal waveform D1 
and the waveform E1 also becomes larger, and the 
amplitude of the AGC control reference signal waveform 
F1 increases. The increased AGC control reference sig- 
nal is then compared with the reference control value 
V ref1 and the gate control voltage G1 as the output of 
the operation amplifier OP2 is decreased as shown in 
FIG. 11F. 

The voltage of the reference AGC control signal 
represented by the waveform F1 serves as the gate volt- 
age of the transistor Tr3 of the reference current gener- 
ating circuit 136. Accordingly, the reference current 
generated by the reference current generating circuit 
136 decreased, and thus the voltages of the collectors 
of the transistors Tr1 and Tr2 of the differential amplify- 
ing circuit 131 are decreased thereby. In this manner, 
the AGC output signal waveform B1 shown in FIG. 11 B 
is set at the predetermined value, as a result. 

This operation is attained also in the case where 
the input signal waveform A is smaller than the prede- 
termined one. The small AGC output signal waveform B 
of FIG. 11B is set at the predetermined value by the 
operation as mentioned above. 

The gate control voltage G obtained by the above 
operation is input as the reference control voltage V ref2 
into the AGC-S1 circuit 140, the AGC-S2 circuit 150, 
and the AGC-S3 circuit 160. 

The operation of the AGC-S1 circuit 140 shown in 
FIG. 10 will be described next. 

The input signal waveform A shown in FIG. 1 1 A, the 
AGC output signal waveform B shown in FIG. 1 1 B, the 



AGC control signal waveform C shown in FIG- 1 1C, the 
rectified AGC circuit control signal waveform D shown in 
FIG. 1 1 D, the rectified AGC circuit control signal wave- 
form E shown in FIG. 1 1 D, the AGC circuit control refer- 

5 ence signal waveform F shown in FIG. 11E, and the 
gate control voltage waveform G shown in FIG. 1 1 F are 
the same as those described before. 

When the amplitude of the CCD input signal wave- 
form shown in FIG. 1 1 A is larger than a predetermined 

10 value, the amplitude of the waveform denoted by A1 
becomes larger than that obtained by the input of the 
predetermined value, and the amplitude of the AGC 
control signal waveform denoted by C1 also becomes 
larger than that obtained by the input of the predeter- 

75 mined value. In accordance therewith, the difference 
between the rectified AGC control signal waveform D1 
and the waveform E1 also becomes larger, and the 
amplitude of the AGC control reference signal waveform 
F1 increases. The increased AGC control reference sig- 

20 nal is then compared with the reference control value 
V ref2 supplied from the AGC-MO circuit 130. As a result, 
the gate control voltage G1 as the output of the opera- 
tion amplifier OP2 is decreased as shown in FIG. 1 1 F. 
The voltage of the reference AGC control signal 

25 represented by the waveform F1 serves as the gate volt- 
age of the transistor Tr3 of the reference current gener- 
ating circuit 146. Accordingly, the reference current 
generated by the reference current generating circuit 
146 decreased, and thus the voltages of the collectors 

30 of the transistors Tr1 and Tr2 of the differential amplify- 
ing circuit 141 are decreased thereby. In this manner, 
the AGC output signal waveform Bl shown in FIG. 1 1 B 
is set at the predetermined value. 

This operation is attained also in the case where 

35 the input signal waveform A is smaller than the prede- 
termined voltage. The small AGC output signal wave- 
form B of FIG. 1 1B is set at the predetermined value by 
the operation as described above. 

Similarly to the AGC-S1 circuit 140. the AGC output 

40 waveform B of the AGC-S2 circuit 150 and the AGC-S3 
circuit 160 is set at the predetermined value. 

In this manner, the AGC outputs of all the four AGC 
circuits of the quadruplex CCD 34 are set at a predeter- 
mined pixel signal output level. 

45 As described above, according to the above-men- 
tioned embodiment of the present invention, the differ- 
ence in the offset voltages of the image signals divided 
into four groups of the CCD of the image reading sec- 
tion of the electronic copying machine as an image 

so forming apparatus is corrected by the negative feed- 
back control with use of the absolute voltage value of a 
white level pixel signal as a reference value, thereby the 
image having no image density difference due to the off- 
set voltage difference caused by the division of the pix- 

55 els of the CCD can be attained. Consequently, an 
electronic copying machine of the present invention can 
present a copy of an image with high quality. 
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Claims 

1. An image density correction device, characterized 
by comprising: 

a photoelectric conversion element (34) having 
first and second blocks, for photoelectrically 
converting received light; 
first means (133, 134) for obtaining an absolute 
value of an amplitude of an output signal output 
from the first block (OS1 , OS2) of the photoe- 
lectric conversion element (34); 
second means (134, 144) for comparing the 
absolute value with a predetermined reference 
value to obtain a difference thereof; 
first correction means (130, 140) for correcting 
the output signal on the basis of the difference 
obtained by the second means; and 
second correction means (150, 160) for cor- 
recting an output signal output from the second 
block (OS3, OS4) on the basis of the difference 
obtained by the second means. 

2. An image density correction device according to 
claim 1 , characterized in that the photoelectric con- 
version element (34) outputs first and second out- 
put signals from the first block (OS1, OS2), and 
outputs third and fourth output signals from the sec- 
ond block (OS3, OS2). 

3. An image density correction device according to 
claim 1, characterized in that the first means (133, 
143) includes a first differential amplifying circuit for 
dividing the output signal from the first block (OS1, 
OS2) into an image signal and a control signal, a 
terminal-based detection circuit for detecting an 
amplitude voltage of the output signal from the con- 
trol signal obtained by the first differential amplifying 
circuit, and a second differential amplifying circuit 
for detecting an absolute value of an amplitude of 
the output signal on the basis of the amplitude volt- 
age detected by the terminal -based detection cir- 
cuit. 

4. An image density correction device according to 
claim 1, characterized in that the second means 
(134, 144) is a comparison circuit for comparing the 
absolute value obtained by the first means (133, 
143) with the predetermined reference value to 
obtain the difference thereof. 

5. An image density correction device according to 
claim 1, characterized in that the first and second 
correction means include 

dividing means (131, 141) for dividing an out- 
put signal output from the photoelectric conver- 
sion element into an image signal and a control 



signal, 

first detection means (132, 142) for detecting 
an amplitude voltage of the output signal from 
the control signal obtained by the dividing 

5 means, 

second detection means (133. 143) for detect- 
ing an absolute value of an amplitude of the 
output signal on the basis of the amplitude volt- 
age detected by the first detection means, 

10 comparison means (134, 144) for comparing 

the absolute amplitude voltage value obtained 
by the second detection means with the prede- 
termined reference value to obtain an error sig- 
nal voltage, 

15 voltage holding means (137, 147) for holding 

the error signal voltage output from the com- 
parison means, 

conversion means (136, 146) for converting the 
voltage held by the voltage holding means into 

20 an electric current, and 

correction means (131, 141) for correcting the 
image signal divided from the output signal of 
the photoelectric conversion element by the 
dividing means so as to have a voltage of a pre- 

25 determined value with use of the electric cur- 

rent converted from the voltage by the 
conversion means. 

6. An image density correction method by which an 
30 output signal of a photoelectric conversion element 

receiving reflection light from an irradiated docu- 
ment is corrected, wherein the output signal of the 
photo-electric conversion element is divided into an 
image signal and a control signal, an amplitude 

3$ voltage of the output signal is detected from the 
obtained control signal, an absolute value of an 
amplitude of the output signal is detected on the 
basis of the detected amplitude voltage, the 
obtained absolute value is compared with a prede- 

40 termined reference value to obtain an error signal 
voltage, the obtained error signal voltage is held, 
the held voltage is converted into an electric cur- 
rent, and the image signal divided from the output 
signal of the photoelectric conversion element is 

45 corrected to have a predetermined voltage with use 
of the electric current converted from the held volt- 
age. 

7. An image reading device (4) which irradiates a doc- 
so umerrt and reads an image of the document with 

use of a photoelectric conversion element (34) hav- 
ing first and second blocks and photoelectrically 
converting received light reflected from the docu- 
ment by correcting an output signal from the photo- 
55 electric conversion element, characterized by 
comprising: 

first means (133. 143) for obtaining an absolute 
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value of an amplitude of an output signal output 
from the first block (OS1. OS2) of the photoe- 
lectric conversion element (34); 
second means (134, 144) for comparing the 
absolute value with a predetermined reference s 
value to obtain a difference thereof; 
first correction means (130, 140) for correcting 
the output signal on the basis of the difference 
obtained by the second means (134, 144); 
second correction means (150, 160) for cor- w 
recting an output signal output from the second 
block (OS3, OS4) on the basis of the difference 
obtained by the second means (134, 144); 
transfer means (200) for transferring the output 
signal corrected by the first correction means is 
(130, 140) and the output signal corrected by 
the second correction means (150, 160). by 
which a pixel arrangements in the output sig- 
nals are corrected to original one; and 
processing means (35) for processing the out- 20 
put signals which are transferred from the 
transfer means (200) and have the original 
pixel arrangement. 

An image reading device (4) which irradiates a doc- 25 
ument and reads an image of the document with 
use of a quadruplex photoelectric conversion ele- 
ment (34) for dividing image data into four groups 
and photoelectrical^ converting received light 
reflected from the document by correcting first, sec- 30 
ond, third, and fourth output signals from the qudru- 
plex photoelectric conversion element, 
characterized by comprising: 

first correction means (1 30) for dividing the first 35 
output signal output from the quadruplex pho- 
toelectric conversion element (34) into an 
image signal and a control signal, comparing 
an absolute value of the control signal with a 
predetermined reference value, and correcting 40 
the divided image signal to have a predeter- 
mined voltage with use of an error signal 
obtained by the comparison; 
second correction means (140) for dividing the 
second output signal output from the quadru- 45 
plex photoelectric conversion element (34) into 
an image signal and a control signal, compar- 
ing an absolute value of the control signal with 
the error signal obtained by the first correction 
means as a predetermined reference value, so 
and correcting the image signal to have a pre- 
determined voltage with use of an error signal 
voltage obtained by the comparison of the 
absolute value and the error signal output as a 
reference value from the first correction means; ss 
third correction means (150) for dividing the 
third output signal output from the quadruplex 
photoelectric conversion element (34) into an 



image signal and a control signal, comparing 
an absolute value of the control signal with the 
error signal obtained by the first correction 
means (130, 140) as a predetermined refer- 
ence value, and correcting the image signal to 
have a predetermined voltage with use of an 
error signal voltage obtained by the compari- 
son of the absolute value and the error signal 
output as the reference value from the first cor- 
rection means; 

fourth correction means (160) for cfividing the 
fourth output signal output from the quadruplex 
photoelectric conversion element (34) into an 
image signal and a control signal, comparing 
an absolute value of the control signal with the 
error signal obtained by the first correction 
means (130) as a predetermined reference 
value, and correcting the image signal to have 
a predetermined voltage with use of an error 
signal voltage obtained by the comparison of 
the absolute value and the error signal output 
as the reference value from the first correction 
means; 

transfer means (200) for transferring the image 
signal corrected by the first correction means 
(130). the image signal corrected by the sec- 
ond correction means (140), the image signal 
corrected by the third correction means (150), 
and the image signal corrected by the fourth 
correction means (160) by which a pixel 
arrangements of the image signals are cor- 
rected to an original one; and 
processing means (35) for processing the out- 
put signals which are transferred from the 
transfer means (200) and have the original 
pixel arrangement. 

9. An image reading device according to claim 8, 
characterized in that the quadruplex photoelectric 
conversion element receives the reflected light from 
four pixel groups obtained by dividing an entire 
image region of the document in a main scanning 
direction into an upper region and an lower region 
and further dividing ail pixels in the image regions of 
the document into odd and even pixels. 

1 0. An image forming apparatus which irradiates a doc- 
ument and forms an image of the document on the 
basis of an corrected signal output from a photoe- 
lectric conversion element having first and second 
blocks and photoelectrical! y converting received 
reflected light from the document, characterized by 
comprising: 

first means (133. 143) for obtaining an absolute 
value of an amplitude of an output signal output 
from the first block (OS1 . OS2) of the photoe- 
lectric conversion element; 
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second means (134, 144) for comparing the 
absolute value with a predetermined reference 
value to obtain a difference thereof; 
first correction means (130, 140) for correcting 
the output signal on the basis of the difference s 
obtained by the second means (134, 144); 
second correction means (150, 160) for cor- 
recting an output signal output from the second 
block on the basis of the difference obtained by 
the second means (134, 144); 10 
transfer means (200) for transferring the output 
signal corrected by the first correction means 
and the output signal corrected by the second 
correction means, by which a pixel arrange- 
ments in the output signals are corrected to is 
original one; 

processing means (35, 314) for processing the 
output signals which are transferred from the 
transfer means and have the original pixel 
arrangement; and 20 
image forming means (6) for forming the image 
on the basis of the output signal processed by 
the processing means. 

11. An image forming apparatus which irradiates a doc- 25 
ument and forms an image on the basis of cor- 
rected first, second, third, and fourth output signals 
from a quadruplex photoelectric conversion ele- 
ment (34) dividing image data into four groups and 
photoelectrical! y converting received light reflected 30 
from the document, characterized by comprising: 

first correction means (130) for dividing the first 
output signal output from the quadruplex pho- 
toelectric conversion element (34) into an 35 
image signal and a control signal, comparing 
an absolute value of the control signal with a 
predetermined reference value, and correcting 
the image signal to have a predetermined volt- 
age with use of an error signal obtained by the 40 
comparison; 

second correction means (140) for dividing the 
second output signal output from the quadru- 
plex photoelectric conversion element (34) into 
an image signal and a control signal, compar- 45 
ing an absolute value of the control signal with 
the error signal obtained by the first correction 
means as a predetermined reference value, 
and correcting the image signal to have a pre- 
determined voltage with use of an error signal so 
voltage obtained by the comparison of the 
absolute value and the error signal output as a 
reference value from the first correction means; 
third correction means (150) for dividing the 
third output signal output from the quadruplex ss 
photoelectric conversion element (34) into an 
image signal and a control signal, comparing 
an absolute value of the control signal with the 



error signal obtained by the first correction 
means (130) as a predetermined reference 
value, and correcting the image signal to have 
a predetermined voltage with use of an error 
signal voltage obtained by the comparison of 
the absolute value and the error signal output 
as the reference value from the first correction 
means (130); 

fourth correction means (160) for dividing the 
fourth output signal output from the quadruplex 
photoelectric conversion element (34) into an 
image signal and a control signal, comparing 
an absolute value of the control signal with the 
error signal obtained by the first correction 
means (130) as a predetermined reference 
value, and correcting the image signal to have 
a predetermined voltage with use of an error 
signal voltage obtained by the comparison of 
the absolute value and the error signal output 
as the reference value from the first correction 
means (130); 

transfer means (200) for transferring the image 
signal corrected by the first correction means 
(130), the image signal corrected by the sec- 
ond correction means (140), the image signal 
corrected by the third correction means (150), 
and the image signal corrected by the fourth 
correction means (160) by which a pixel 
arrangements in the output signals are cor- 
rected to an original one; 
processing means (35. 314) for processing the 
output signals transferred from the transfer 
means and have the original pixel arrange- 
ment; and 

image forming means (6) for forming the image 
on the basis of the output signal processed by 
the processing means. 
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circuit (150) connected to an output terminal OS3. and 
the AGC-S3 circuit (160) connected to an output termi- 
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